IT is generally accepted that the inhalation of cystalline silica produces a nodular fibrosis in the lung which is characteristic of silicosis and silicosis alone. It is also generally agreed that this fibrosis is not caused by the mere physical properties of the inhaled particles, but follows their solution in the body fluids. This does not mean that all the inhaled silica goes into solution; a considerable quantity remains unaltered and can be recognized in the form of doubly refracting particles when sections of the lung are examined by polarized light-though it must be realized that there is no proof that all such crystals are actually particles of silica.
Unfortunately, however, a nodular fibrosis is not the only pulmonary lesion which can be produced by the compounds of silica. Asbestos, as is well known, causes a diffuse fibrosis which is quite different from the classical picture; and it may be that other silicates are capable of giving rise to anomalous reactions. Moreover, although a pure silicotic pneumoconiosis undoubtedly occurs, it seems to be a rather rare condition. Ln this country silicosis is very frequently associated with tuberculosis, and the same thing seems to be the rule in other parts of the world. A, Sutherland Strachan and F. W. Simson (1930) writing of silicosis on the Rand say, "If a silicotic patient does not die of some other disease or by accident he will ultimately die of tuberculosis " ; and in a recent publication A. Policard (1933) suggests that while pure silicosis is a theoretical possibility, it is rarely a practical reality-" En fait, dans l'immense majorit6 des cas, sinon dans tous, le poumon silicotique est toujours aussi un poumon tuberculeux." Frequently, the tuberculous element in the process is quite obvious, either from the histology of the lesions or from the presence of large numbers of tubercle bacilli. But in many cases the diagnosis is not so clear, and the lesions assume the characters of what is called by South African workers "infective silicosis." By this term is meant the modification which chronic or localized acute infections undergo in the silicotic lung, resulting in the production of lesions characterized by an excessive fibroid reaction. In the silicotic lung an excessive fibrosis may be the endresult of any inflammatory process, but the infection is usually a low-grade tuberculosis (Simpson, Strachan and Irvine, 1931) . Hitherto attention has been chiefly directed to the demonstration of the infective element in the process, the presence of silica being taken for granted. Usually, no doubt, this assumption is quite justifiable, but from time to time cases occur in MAY-PATH. 1 which the tissue reaction is so anomalous that doubts may well arise about the influence of the dust factor in the disease. Fibrosis of the lung is not necessarily diagnostic of silicosis; only when the fibrous tissue is laid down in the characteristic whorled nodules can we assert with confidence that it is indicative of the presence of silica. In the absence of these lesions the recognition of a silicotic lung must rest upon some other criterion.
An examination of sections by polarized light will usually give an indication of the dust content of a lung, but as Belt (1929) has shown, there is no regular parallel between the number of visible crystals and the actual amount of silica in the lung ash; part of the silica becomes converted into an " occult " form, and can only be revealed by chemical analysis.
For some time we have been combining a histological examination of lung tissue with a chemical analysis in order to determine whether any correlation could be demonstrated between the silica content and the structural changes present.
The technique we have adopted is as follows:-Portions of the lung are selected covering the site of any specimens taken for histological examination. As far as possible large amounts of 150 to 200 grm. are taken, in order to give an average result for the selected area.
The whole of the specimens are coarsely minced and dried at 1000 C. until they become friable. The dry tissue is then finely powdered by grinding in a coffee mill. After thorough mixing the powder is dried to a constant weight at 1100 C.
About 10 grmi. of the powder is taken for analysis and ashed in a platinum crucible. The ash is weighed and its silica content assayed by the usual gravimetric method, viz., fusion with alkali carbonates, precipitation of the silica by repeated treatment with hydrochloric acid, ashing the precipitate and determining the true silica content of this ash by treatment with hydrofluoric acid.
In a few instances it was desirable to know the silica content of small portions of tissue in which the total quantity of silica present was much too small for gravimetric assay. In these cases a modification of the colorimetric method described by King (1928) was used. The silicon content of the dried lung is expressed in terms of SiO2; no attempt has been made to differentiate between free and combined silica. So far we have made no systematic attempts to ascertain the amounts and proportions of bases associated with the silica, but the great variation in the quantity and appearance of the ash obtained from these and many other specimens suggests that a quantitative analysis of these bases might possibly throw light on the type of siliceous material involved in the production of fibrosis, or might show that the predominance of certain bases has an influence on the stages of conversion of insoluble silica into the soluble state in which it must at some time pass, in order to exert its toxic or irritant effects.
The result of those combined investigations has strengtheped our original impression that in certain cases the differential diagnosis of infective silicosis may be a matter of considerable difficulty.
A good example of infective silicosis is illustrated in Case P. 16 of our series. The patient, a man aged 64, had been working for twelve years in a flint-crushing plant. The lung ( fig. 1) shows, in addition to greyish-yellow foci of obvious tuberculous consolidation, diffuse areas of dense black fibrosis: and scattered through it are small, hard, blackish nodules. Microscopically (fig. 2 ), the diffuse black portions show an intimate mingling of structureless caseous material with dense bundles and strands of acellular fibrous tissue; an occasional tubercle bacillus can be demonstrated, but there is no typical tuberculous histology. The isolated nodules often show the characteristic laminated, whorled structure of the silicotic lesion ( fig. 3 ), but in many of them there is a certain amount of central caseation (fig. 4) , and it is possible to trace all the stages between small active foci containing tubercle bacilli, but with an unusual amount of peripheral fibrosis, and the mature fibrous nodule. With polarized light a fair number of doubly refracting particles can be seen, and a chemical analysis gives a silica content of 2.7% of dried lung.
In this case, therefore, there was a tuberculous infection in a lung which contained a considerable quantity of silica (in our experience an ordinary dried lung does not contain more than about 0 2% of silica). The infection appears to be of a low-grade type, and the excessive fibrosis which distinguishes the tissue reaction would seem to justify the diagnosis of infective silicosis, for there can be no doubt of the pneumoconiotic element. A naked-eye examination of the lung alone, in the light of the patient's industrial history, is sufficient to allow of a diagnosis being made. But a low-grade tuberculosis in which fibrosis is a conspicuous feature of the tissue reaction is common enough in this country, and the question arises whether it is possible to differentiate on anatomical and histological grounds between it and those cases in which the infection is modified by the presence of silica. It is, of course, a matter of major importance, for a chronic fibroid tuberculosis may occur in a worker employed in a dusty industry as well as in any other member of the population, and in such cases it is necessary to determine what influence, if any, the individual's occupation had on his disability or death; whether, in fact, he is entitled to compensation.
A form of chronic fibroid tuberculosis is illustrated in the next case, P. 33. The patient, a man aged 41, died from a carcinoma of the left. bronchus which widely involved the left lung. He had never worked in any dusty trade. Scattered throughout the right lung were several considerable areas of dense black fibrosis and there was much scarring at the No tubercle bacilli were actually demonstrated in the pulmonary lesions or in the massive gland at the root of the lung, but here and there the histological reaction makes the nature of the infection pretty clear. On the other hand, there is no evidence of pneumoconiosis, for the man was never exposed to unduly dusty atmospheres and two separate analyses showed a silica content of only 0 21% and 0I% of the dried lung. The involvement of the lung is much more extensive in P. 16 than in P. 33, and the fibroid legions more massive, and this alone suggests the presence of some other factor than simple tuberculosis. But we submit that a pathologist confronted with microscopic preparations of the two cases would find the greatest difficulty-in arriving at a differential diagnosis. The crux of the matter is the meaning of the term "excesssive fibrosis," and the significance we should atta^ch to the occurrence of laminated, whorled fibrous nodules. How much fibrosis is compatible with the healing of a simple, uncomplicated tuberculous infection ? And can the healed fibrosed'tuberculous nodules assume the laminated whorled appearance believed to be characteristic of silicosis ?
Three other cases occurring in our series present interesting features for comparison.
P. 20, a man aged 56, had worked as an edge-tool grinder on wet sandstone for thirty years. The lungs show a generalized coarse nodular and trabecular fibrosis ( fig. 7) , and there were large hard glands at the roots. The case was sent to us as one of pure silicosis, but the distribution of the pulmonary lesions, and certain features in their histology and in that of the root-glands suggest that an infective factor had taken some part in the process. But histologically there can be no doubt about the silicosis. Fig. 8 shows the laminated structure of one of the fibrous nodules, and chemical analyses of different parts of the dried lung give a silica content varying from 0 -24 to 0 * 69%. P. 68, a market porter aged 39, died from myocardial degeneration. His lungs showed much dense scarring at both apices with a small cavity in the left one. Scattered throughout both lungs were many small chronic Iibro-caseous nodules. The actual amount of fibrosis FIC. 9.-P. 68. Low-power photograph of a section of the lung showing fibroid tuberculosis.
is very little short of that present in Case P. 20, though the fibrous tissue is more diffuse than nodular in its distribution (fig. 9 ). The tuberculous element in the process is quite obvious, but there is an unusual degree of fibrosis around the caseous foci ( fig. 10 ) and the oldest lesions bear a close resemblance to silicotic nodules (figs. 11 and 12). A complete industrial history is lacking in this case, but there is no reason to suppose that the man was ever employed in a dusty industry, and a chemical analysis of the lung shows no more than 0416% of silica irr selected areas, and 0 06% in the lung as a whole. There is, therefore, no reason to regard this man as a silicotic, but had he been employed in a trade with a recognized hazard it would have been difficult to deny, from a histological examination, the possibility of silicosis.
A very similar type of nodular fibro-caseous tuberculosis was seen in another case, P. 46. This man, a sanitary earthenware placer, had actually been in receipt of compensation during life, though the claim was disallowed a year or so before his death. His lungs presented extensive caseous tuberculosis and, in addition, many scattered fibro-caseous nodules (fig. 13 ).
Here again it might be said that the tissue reaction bad been modified in the direction of excessive fibrosis; but chemical examination of the lungs gives a silica content of only 0O15% to 0o19%, figures well within the normal limits, and pathologically the case appears to be, as the official Board decided, one of simple tuberculosis.
In a rather different category are those cases of fatal tuberculosis occurring in workers in industries in which silica is an accepted hazard. In some of these cases tuberculosis supervenes on a frank silicosis, and the diagnosis presents no difficulties. But in others the two processes seem to develop simultaneously; characteristic silicotic nodes are not formed, and only an excess of fibrous tissue in the tuberculous lesions suggests the influence of a pneumoconiotic factor. An example of this type of case is seen in P. 19. The patient was a man aged 60, who had been employed for some forty years as a potter's placer in the jet and rockingham industry, though for considerable intervals during this time he had worked as a placer in a general earthenware industry in which he would have been exposed to a silica risk. The apex of the lung showed advanced fibroid tuberculosis (fig. 14) , and here and there throughout the organ were small scars of healed tuberculosis. There had been an acute exacerbation of the disease in the form of an extensive confluent caseous tuberculous broncho-pneumonia, and these lesions contained enormous numbers of bacilli.
There are-no definite silicotic nodules, and unless the apical fibrosis is regarded as unusually abundant, there is very little evidence of silicosis; there is, in fact, no very striking difference between these lesioins and those found at the apices of the lungs in the next case. P. 25, a man aged 39, dlied from Addison's disease. In this case both apices showed extensive chronic tuberculosis (fig. 15 ) ; the lesions were firm and fibrotic and heavily pigmented.
Histologically, the two cases are very similar. In P. 19 the fibroid areas are larger, and there is a rather more intimate minigling of the collagen and caseous material, while in P. 25 the histology is more definitely tuberculous and there is perhaps a greater tendlency for the fibrous tissue to surround rather than to penetrate into the caseous areas; but the differences are not pronounced. Nevertheless, chemical analyses give a silica content of 0 * 72% of the dried lung in P. 19, whereas P. 25 contains only 0 -219%, and on these grounds one is justified in calling P. 19 a case of tuberculo-silicosis. The practical difficulties with which one may. be confronted in this kind of work are illustrated in the next three cases. P. 37, a girl aged 18, had been engaged in an abrasive soap factory. She died from frank abdominal and pulmonary tuberculosis, about which there was no dispute, but two authorities have expressed the opinion that the gland at the root of the lungs was silicotic. Fig. 16 is a low-power photograph of a root-gland and the details of the lesion are shown in fig. 17 . The lesion is nodular and presents a definite amount of fibrosis, but no more, we would suggest, than may be found in uncomplicated tuberculosis, and this view is corroborated by the chemical analysis, for the root-glands contained . Section of a gland from the root of the lung showing nodular tuberculous lesions. less than 0.01% of silica and the dried lung only 0 09%. Ordinary pulmonary silicotic lesions could scarcely be expected in a person of this age with only a relatively short industrial history, but the earliest pneumoconiotic lesions are usually found in the root-glands, and silicosis here implies the presence of dust in the lungs. combined tuberculo-silicosis; and even in the more difficult cases a careful microscopic examination will often reveal finer points of diagnostic importance to which we have not drawn attention. In making a diagnosis all the available evidence must be taken into account. A naked-eye examination of the lungs to determine the extent and distribution of the lesions is of the greatest importance; and due regard must be paid to the clinical and radiological findings, and to the patient's occupational history, particularly with reference to the atmospheric dusts to which he may have been exposed. A consideration of all these factors will often be sufficient, but in some cases it will be necessary to resort to a microscopic study of the lesions, and it is here that the difficulty arises. The differential diagnosis depends on the amount and distribution of collagen in the tissue reaction; it is a matter of degree, and there are no definite standards on which to base an opinion. Recognized authorities may well differ in their interpretation of microscopic preparations and it is scarcely necessary to stress the undesirability of such a state of uncertainty in matters which may involve compensation and legal actions. Our investigations suggest that a chemical analysis may prove to be of great assistance in solving the difficulties. We are fully aware of the fallacies inherent in the method, and we do not suggest for a moment that it should be used to replace other means of diagnosis: but in conjunction with them it may be of great help in the estimation of the significance of pulmonary fibrosis, and it may well prove to be the deciding factor in determining, in the absence of a typical fibrosis, whether or not tuberculosis of the lung may be regarded as an occupational disease.
[The expenses of this work were defrayed by a grant from the Medical Research Council, from whom one of us (H. E. Archer) receives a personal grant. We are also greatly indebted to our colleague, Dr. A. H. T. Robb-Smith, for the photomicrographs which illustrate this article.] And since it is generally agreed that pulmonary tuberculosis is liable to progress with unusual rapidity in the presence of silica dust, it might have been argued that this worker's illness developed as the result of her occupation. As a matter of fact, there was no claim for compensation in this case, but had one been made, it might, in the absence of a chemical analysis, have been extremely difficult to arrive at an agreed decision.
A similar difficulty arose in the next case, P. 6, a young man also employed in an abrasive soap factory. Here the lungs showed an advanced degree of tuberculosis, with extensive cavity formation. No true silicosis can be made out on microscopic examination, the nearest approach to it being the fibro-caseous lesions illustrated in fig. 18 .
No chemical analysis was made in this case. On the facts available there would not seem to be any justification for regarding it as anything more than simple tuberculosis.
The last preparation, P. 9, was made from the lung of a sandblaster. The man's exposure to dust was a short one, extending only over five years, during which time he was employed intermittently for some four or five hours a week etching glass bottles. Sandv ,~~~~~~~~~~U blasting is, however, recognized as one of the few industries in which silicosis is prone to develop rapidly.
We received only small fragments of the lung, not enough for chemical analysis. Microscopically, the changes are those of acute tuberculous broncho-pneumonia.
There are a few fibro-caseous areas present ( fig. 19 ) and whether or not these are regarded as manifestations of " infective silicosis " depends on the meaning attached to the term " excessive fibrosis." CONCLUSION. In the light of the examples we have brought forward it will be agreed, we think, that the diagnosis of tuberculo-silicosis is by no means as simple as is commonly supposed. We have no wish to exaggerate the difficulties, and we have by no means exhausted our material; we could have brougbt forward many other examples, and, on the other hand, have quoted cases in which we should have been prepared, on histological and chemical grounds, to diagnose tuberculo-silicosis in the face of expert opinion to the contrary. There is, of course, a world of difference between an ordinary tuberculous lesion and the laminated nodule of typical silicosis, and as a rule there is little difficulty in recognizing the presence of the two factors in a
